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National Institutes of Health (NIH) IDeA Network of 
Biomedical Research Excellence Program (INBRE) 
Undergraduate Research Program 
Nevada INBRE sponsors 15 undergraduate research scholarships each year. 
Those selected for the program will spend the summer doing a lab research 
project in a faculty mentor’s laboratory. Summer research opportunities often 
lead to longer-term collaborations between students and faculty, publishable 
research, and careers in medicine or biomedical research. Opportunities are 
available for research in emerging areas such as genomics, proteomics, 
molecular modeling, imaging, and bioinformatics. However, any area of research 
that might be supported by the NIH is appropriate. 
Students are selected in a statewide, merit-based competition. As part of the 
application process, students are required to identify a faculty mentor at UNR, 
UNSOM, UNLV, or Nevada Cancer Institute with whom they are interested in 
conducting research.  
Nevada INBRE is a network of physical and human resources available to 
scientists in Nevada. Our mission is to provide infrastructure that enables 
investigators to successfully win research funding. INBRE research facilities 
provide research support services, training, and equipment for Nevada's 
biomedical investigators. We also sponsor research, scholarship and training 
opportunities for faculty members and students. 
The National Center Research Resources (NCRR) Institutional Development 
Award (IDeA) program broadens the geographic distribution of NIH funding for 
biomedical and behavioral research. The program fosters health-related research 
and enhances the competitiveness of investigators at institutions located in 
states in which the aggregate success rate for applications to NIH has historically 
been low.  Supported by the NCRR Division of Research Infrastructure, the IDeA 
program increases the competitiveness of investigators by supporting faculty 
development and research infrastructure enhancement at institutions in 23 states 
and Puerto Rico. 
IDeA Networks of Biomedical Research Excellence (INBRE) enhance biomedical 
research capacity, expand and strengthen the research capabilities of biomedical 
faculty, and provide access to biomedical resources for promising undergraduate 
students throughout the eligible states. INBRE implements the IDeA approach at 
the state level by enhancing research infrastructure through support of a network 
of institutions with a multidisciplinary, thematic scientific focus. INBRE is the 
second phase of the Biomedical Research Infrastructure Networks (BRIN) 
program, which began by providing planning grants in 2001.  
 3
Centers of Biomedical Research Excellence (COBRE) augment and strengthen 
institutional biomedical research capabilities by expanding and developing 
biomedical faculty research capability through support of a multidisciplinary 
center, led by a peer-reviewed, NIH-funded investigator with expertise central to 
theme of the grant proposal.  
The IDeA program also supports IDeANet, an Internet-based network providing 
connectivity for high-bandwidth science applications. IDeANet will enable 
collaboration among institutions, ultimately supporting all participants in the IDeA 
program, as well as participants in the Research Centers in Minority Institutions 
(RCMI) program and other NCRR-supported networks. 
 
 
 
 
 
 
 
 
Front Row (Left to Right): ): Azucena Benito, UNLV,  Andrea Jydstrup, UNR; Top 
Row:  Ryan Huang, UNLV, Karen Levy, UNLV,  Maria Castellanos, UNLV,  May Yared, 
UNLV. 
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Nevada National Sciences Foundation (NSF) 
Experimental Program to Stimulate Competitive 
Research (EPSCoR) 
The Undergraduate Research component of the current NSF EPSCoR award 
provides lab and field research experiences, through summer scholarship 
programs and annual fellowship opportunities, to full-time NSHE undergraduate 
students.  These programs fund eligible students either majoring in mathematics, 
science, or engineering, or majoring in education and specializing in teaching K-
12 in the fields of mathematics, science, or technology. Research is conducted 
under the guidance of NSHE faculty mentors. The hands-on experience gained 
through these programs has proven to supplement classroom learning and serve 
as gateways to new and exciting opportunities for all participants. 
EPSCoR - Experimental Program to Stimulate Competitive Research 
NSF, the federal agency that first developed EPSCoR programs, sponsored the 
first EPSCoR program in Nevada. Since 1985, NSHE institutions have received 
more than $41 million in federal funds from NSF EPSCoR, together with non-
federal matching funds.  
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National Science Foundation Research Experience for 
Undergraduates Program (NSF REU) 
 
REU MICROBIOLOGY  
UNLV will offer an REU Site program in partnership with the Desert Research 
Institute. Undergraduate students will participate in a 10-week summer program 
involving research in the area of environmental microbiology.  
 
Students will collaborate with faculty mentors in developing and carrying out 
hypothesis-based projects on microorganisms from diverse habitats such as hot 
springs, the deep terrestrial subsurface, hypersaline lakes, arid soils, and 
ephemeral water sources. Students may also choose to explore the mechanisms 
of magnetotaxis, microbial adaptation to stressful and nonhost environments, or 
the dynamics between primary producers and consumers.  
 
All students will receive training in current molecular techniques and the ethics of 
science, and they will participate in weekly discussions on their project. At the 
conclusion of the program, students will present their research results at a 
scientific colloquium. In addition, all students will be encouraged to present their 
research at a regional or national scientific conference. Students will receive a 
$4000 stipend, housing and meals, and a travel subsidy. First generation college 
students and members of an underrepresented group are strongly encouraged to 
apply. More information is available by contacting Kurt Regner, Ph.D. at 
microreu@unlv.edu. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Front Row (Left to Right): Amanda Yates, Washington State University, Alex Michaud, Coe 
College; Middle Row:  Susie O’Neil, Central Michigan University,  Paul Howse, UNLV; Top Row: 
 MacLean Hall, Davidson College,  Allison Faucher, Ohio Wesleyan University, Rachel Skinner, 
Transylvania University, Kathleen Bradley, University of Maine.
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National Science Foundation Research Experience for 
Undergraduates Program (NSF REU) 
 
REU PHYSICS AND ASTRONOMY 
The Research Experience for Undergraduates (REU) program is a program of 
the National Science Foundation to give undergraduate students an experience 
in performing research.  
 
Most of a student's career consists of classroom lectures. The REU program is 
intended to benefit students by offering experiences that go beyond the 
classroom. The UNLV Physics Department has had a successful REU program 
since 1987. Initially the program was limited to UNLV students. Beginning in 
1992, the program was open to non-UNLV students as well. Students participate 
in research projects in the summer with follow-up activity during the academic 
year. 
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Row:  Brant Abeln, Drake University, Louis Prahl, Lewis and Clark University, Lucas 
Wilson University of Wisconsin-Stevens Point,  Mike Brawner, UNLV. 
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Azucena Benito 
Mentor – Michelle Elekonich 
 
Honeybees undergo a process of adult behavioral development, spending their 
first 2-3 weeks working inside the constant environment of the hive. At about 3 
weeks of age workers leave the hive as foragers who gather pollen and nectar.  
Previous research found that bees show an enormous decline in immunity as a 
result of their transition from regular hive jobs to more difficult foraging activities. 
Foragers can be forced to go back into hive-tasks, thus becoming “reverted 
nurses” which may also allow a reversal of immunosenescence.  Understanding 
how this happens could prove to be useful because if there is flexibility in 
honeybee immunity it could lead us to a better understanding of the human 
immune response since the honeybee has a very similar genome to that of 
humans. I plan to use protein and gene expression analysis, along with other 
measurements to understand how forager bees change back into nurses and 
how this effects their immune response and their process of senescence and 
aging. 
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Maria Castellanos 
Mentor - Helen Wing 
 
Shigella flexneri is a pathogenic bacterium that causes severe dysentery in 
humans commonly known as shigellosis.  Shigella encodes an outer membrane 
protease called IcsP. The regulation of icsP expression is under direct control of 
a transcriptional factor called VirB, which controls the expression of many 
virulence genes in Shigella.  Previous work has shown through deletion analysis 
of the icsP promoter region that sequences as far as 1368 base pairs upstream 
of the transcription starting site are important for the regulation of the icsP gene 
by VirB.  However, it is still unclear whether VirB activation requires sequences 
within the icsP promoter region or whether VirB activation is an artifact of the 
cloning vector. The aim of my project is to examine whether sequences located 
within the icsP promoter are necessary for the activation of the icsP promoter by 
VirB or whether VirB activation is dependent upon sequences located within the 
cloning vector. 
 
To determine whether VirB activation of the icsP promoter is dependent upon 
sequences located within the cloning vector, I will delete base pairs and 
introduce additional base pairs at the junction between the icsP promoter and the 
cloning vector. In addition, I will generate mutations on the sequence of a distal 
putative VirB binding site located far upstream of the icsP promoter through site-
directed mutagenesis. To indirectly measure activity of the icsP promoter, the 
promoter has been fused with a reporter gene called lacZ. To measure the 
expression of the lacZ gene, and hence, the activity of the icsP promoter, a beta-
galactosidase assay will be used.  I will measure and compare the activity of the 
icsP promoter in the wild type and VirB mutant strains of Shigella.  By using the 
beta-galactosidase assay, I will be able to determine if the icsP promoter activity 
is affected by addition, deletion and mutation of base pair sequences upstream of 
the promoter region. 
 
 10
 11
Ryan Huang 
Mentor - Jeffrey Shen 
 
The WRKY super family is known to play a major role during the plant stress 
response and development.  My project focuses on the protein-protein interaction 
of an Oryzasativa (rice) transcription factor, OsWRKY71 which functions as the 
repressor of gibberellins signaling pathway.  Previous literature revealed that 
OsWRKY71 can interact with itself or OsWRKY51 to form dimmers by using 
bimolecular fluorescence complementation (BiFC).  To confirm this result, we use 
yeast two-hybrid system.  As our data showed, OsWRKY71 seems to suppress 
the reporter gene expression of the conventional yeast two-hybrid system, so we 
use a modified yeast two-hybrid, Mating-based Split Ubiquitin System (MbSUS).  
The result confirms OsWRKY71 can interact with another OsWRKY71, so this 
system can be used for future studies of protein-protein interaction of 
OsWRKY71.  Images from Confocal microscopy show OsWRKY71 proteins are 
anchored on to the membrane through the membrane adaptor, and the Support 
Vector Machine software confirms the protein-protein interaction of OsWRKY71.  
The next step of this project is to construct the full length cDNA library of rice to 
screen suspicious proteins in a larger scale. 
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Andrea Jydstrup 
Mentor - Sheri Holmen 
 
Despite major improvements in imaging, radiation, and surgery, the 
prognosis for patients with Glioblastoma multiforme (GBM) remains clinically 
challenging. New treatment strategies are badly needed to reduce the mortality 
and morbidity associated with this disease. The resistance of these tumors to 
conventional treatments makes GBM patients ideal candidates for molecularly 
targeted therapies and several agents are currently being developed(1). Because 
GBM is genetically heterogeneous, combination therapies or the use of 
multikinase inhibitors are more likely to achieve the greatest therapeutic 
benefit(2,3). However, genes that can be productively targeted for effective 
therapies in patients remain to be identified. The overall objective of this project 
was to better understand the signaling pathways driving cell survival so that new 
targets can be identified in gliomas. These studies will lead to an increased 
understanding of the proteins that are altered in this disease and should provide 
promising opportunities to develop better treatment strategies based on specific 
molecular targets.  
Two parallel pathways, which are both activated in GBM, converge on 
downstream survival signaling cascades. Studies have demonstrated that 
blocking only one pathway often leads to a transient response (e.g., delayed time 
to progression), but tumors eventually progress(4). More effective therapies are 
likely to be those that inhibit more than one target or pathway(5). Targeting anti-
apoptotic Bcl-2 proteins in combination with RAS/MAPK or AKT/mTOR inhibition 
is a rationale approach.  
To determine if inhibiting both the RAS/MAPK and AKT/mTOR pathways 
in combination results in increased apoptosis in glioma cells, I compared the 
level of apoptosis in cells treated with each inhibitor alone and in combination. 
Treatment of glioma cells with a MEK inhibitor in combination with a PI(3)K 
inhibitor has not previously been reported and therefore represents a new 
approach in the field. We already know that just inhibiting RAS/MAPK or 
AKT/mTOR alone results in cell cycle arrest but not death. I tested the effect on 
cell death when combining the inhibitors of both pathways, and saw an increase 
in cell death. I determined the growth inhibitory and apoptotic sensitivity of 
several human glioma cell lines to inhibition of both RAS/MAPK and AKT/mTOR 
pathways. Due to the heterogeneous nature of GBM, I predicted and saw that 
these cell lines display varying levels of sensitivity to MEK/PI(3)K inhibition. 
These differences can then be used in the future to further define the 
mechanism(s) by which the AKT and MAPK pathways mediate survival signaling 
in glioma cells.  
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Karen Levy 
Mentor - Helen Wing 
 
THE EFFECTS OF HOST PHYSIOLOGICAL CONDITIONS ON THE EXPRESSION OF ICSP IN SHIGELLA FLEXNERI 
 
Shigella flexneri is a gram-negative bacterium capable of causing diarrhea and dysentery known as shigellosis. It is 
estimated there are 167.4 million shigellosis episodes throughout the world each year causing 1.1 million deaths. Shigella 
invades cells in the lower intestine through an induced phagocytosis. Once in the cytoplasm, bacteria move from one cell 
to another using actin-based motility. The Shigella outer membrane protease IcsP regulates actin-based motility and cell-
to-cell spread by cleaving the actin assembly protein IcsA from the bacterial cell surface. We hypothesize that IcsP may 
serve additional functions during infection. By examining which environmental signals trigger icsP expression, we aim to 
identify other regions of the body where IcsP might function. Shigellae are exposed to an array of environmental 
conditions in the body. We examined the presence of bile salts, low pH, and anaerobic conditions in this study. 
Expression of icsP and IcsP levels were assessed in bacteria grown under each of these physiological conditions using β-
galactosidase assays and western blots, respectively. Growth of Shigella strains was reduced in the presence of 
deoxycholate, a common bile salt, as compared to the control. In stationary growth phase, icsP expression increased 
when the bacteria were grown in the presence of bile salts. Growth of Shigella in medium buffered at pH 5.5 was slightly 
elevated (<10% more growth) when compared to bacteria grown in medium at pH 7.4. We also found that anaerobic 
conditions negatively impact the growth of Shigella. Expression of icsP has not yet been measured under this condition.  
 
Characterizing and Inhibiting Two Pathways Activated in Glioblastoma Multiforme
Andrea Jydstrup        PI: Sheri L. Holmen, PhD.
Nevada Cancer Institute, Las Vegas, NV
INTRODUCTION
Despite major improvements in imaging, radiation, and surgery, the prognosis for patients with 
Glioblastoma multiforme (GBM) remains clinically challenging. New treatment strategies are badly 
needed to reduce the mortality and morbidity associated with this disease. The resistance of these 
tumors to conventional treatments makes GBM patients ideal candidates for molecularly targeted 
therapies and several agents are currently being developed(1). Because GBM is genetically 
heterogeneous, combination therapies or the use of multikinase inhibitors are more likely to achieve 
the greatest therapeutic benefit(2,3). However, genes that can be productively targeted for effective 
therapies in patients remain to be identified. The overall objective of this project was to better 
understand the signaling pathways driving cell survival so that new targets can be identified in 
gliomas. These studies will lead to an increased understanding of the proteins that are altered in this 
disease and should provide promising opportunities to develop better treatment strategies based on 
specific molecular targets. 
Two parallel pathways, which are both activated in GBM, converge on downstream survival 
signaling cascades. Studies have demonstrated that blocking only one pathway often leads to a 
transient response (e.g., d layed time to progression), but tumors eventually progress(4). More 
effective therapies are likely to be those that inhibit more than one target or pathway(5). Targeting 
anti-apoptotic Bcl-2 proteins in combination with RAS/MAPK or AKT/mTOR inhibition is a rationale 
approach. 
To determine if inhibiting both the RAS/MAPK and AKT/mTOR pathways in combination results 
in increased apoptosis in glioma cells, I compared the level of apoptosis in cells treated with each 
inhibitor alone and in combination. Treatment of glioma cells with a MEK inhibitor in combination with 
a PI(3)K inhibitor has not previously been reported and therefore represents a new approach in the 
field. We already know that just inhibiting RAS/MAPK or AKT/mTOR alone results in cell cycle arrest 
but not death. I tested the effect on cell death when combining the inhibitors of both pathways, and 
saw an increase in cell death. I determined the growth inhibitory and apoptotic sensitivity of several 
human glioma cell lines to inhibition of both RAS/MAPK and AKT/mTOR pathways. Due to the 
heterogeneous nature of GBM, I predicted and saw that these cell lines display varying levels of 
sensitivity to MEK/PI(3)K inhibition. These differences can then be used in the future to further define 
the mechanism(s) by which the AKT and MAPK pathways mediate survival signaling in glioma cells. 
BACKGROUND
Glioma Grade and Pr g osis
Grade 1: Pilocytic astrocytomas, Curable by surgery
Very distinct from the other grades
Grade 2: Survival can be as long as 10-15 ye rs
Grade 3: Anaplastic astrocytomas, 2-3 year survival
Grade 4: Glioblastoma multiforme (GBM)
GBMs make up ~50% of all primary brain tumors
~21,800 new cases per year*
Average survival is ~12 months
~13,070 deaths per year
*CA Cancer J Clin 58:71-96 (2008)
Positron Emission Tomography (PET) Scan of GBM Tumor
METHODS
BEZ235
CI-1040
A high-throughput system (SuperArray CASE ELISA) was used 
to determine the optimal concentrations of inhibitors to decrease 
phosphorylation in the two signaling cascades after a 48 hour 
(BEZ235) and 72 hour (CI-1040) treatment period. 
Western Blots were used to verify the inhibition of phosphorylated 
proteins in the pathway (P-ERK, P-AKT, P-p70s6K, and P-MEK) 
and reprobed for total protein and α-tubulin. Flow cytometry was 
used to determine cell cycle arrest and apoptosis. 
The two inhibitors used were CI-1040 (Pfizer), which is a 2nd 
generation MEK inhibitor, and BEZ235 (Novartis), which is a Class I 
phosphatidylinositol-3-kinase (PI3K) tyrosine kinase inhibitor. 
Inhibitors were used alone and in combination to compare levels 
of phosphorylation and apoptosis in the six human GBM cell lines
SF-268, SF-295, SF-538, SNB19, SNB75, and U251. 
Inhibitors used:
CI-1040 and BEZ 235
CI-1040 BEZ 235
Noncompetitive inhibitor of  MEK1            Class I PI(3)K inhibitor 
RESULTS
Dose curve for BEZ 235- determination of the relative concentration required to 
inhibit phosphorylation of AKT (PI3K pathway). The dose curve shows that 0.1 µM of BEZ235  
inhibits phosphorylation of proteins downstream of PI3K in the AKT/mTOR signaling cascade in most of the cell 
lines. 0.1 µM was chosen over 1 µM because at a certain point, there is a risk of cytotoxicity unrelated to 
apoptosis.   
CONCLUSIONS
FUTURE DIRECTIONS
ACKNOWLEDGMENTS
NVCI
Matthew VanBrocklin, PhD.
James Robinson, PhD. 
Adam Guilbeault
Different concentrations of inhibitors can be tested to see if higher concentrations are necessary 
when combined. There are also newer generations of compounds being released that may hit their 
targets more effectively and be more stable in the cell than the ones tested here. 
Other proteins known to be involved in apoptosis will be examined, like the anti-apoptotic Bcl-2 
family members, including Bcl-2 and Bcl-xl. If these can be inhibited, cell death may be achieved 
more fully. 
siRNA will also be performed to completely knock out phosphorylated (activated) proteins. Some 
possibilities to target include all three isoforms of Raf (A,B, and C) and PI(3)K, thus disabling the 
pathways for cell survival. 
Cell line:            SNB-19                          U251                          SF-295                        SF-539                          SNB-75                           SF-268
Sensitivity:
CI-1040 (10 µM)
BEZ235 (0.1 µM) 
- +  - +
- - +  +
- +  - +
- - +  +
- +  - +
- - +   +
- +  - +
- - +   +
- +  - +
- - +   +
- +   - +
- - +  +
p-ERK
ERK
P-p70s6k
p70s6k
This poster was made possible by NIH Grant Number 
P20 RR-016464 from the INBRE Program of the 
National Center for Research Resources.
RESULTS (cont)
www.mayoclinic.org/images/pet-tumor-bdy.jpg 
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Dose curve for CI-1040- determination of the relative concentration required to 
inhibit phosphorylation of ERK (MAPK pathway). The dose curve shows that 10 µM 
appears to be the best concentration of CI-1040 to inhibit phosphorylation of proteins downstream 
of MEK in the RAS/MAPK signaling cascade. 
AKT/mTOR and RAS/MAPK Signaling Cascades Active in GBM
0.7% 3.3% 15.7%13.3%
The PI(3)K/mTOR 
and RAS/MAPK 
pathways are both 
active in GBM and 
engage in “cross-
talk” via positive 
and negative 
regulation that 
makes it very 
difficult to inhibit 
both pathways 
simultaneously. 
For the CASE ELISA, a colorimetric determination system is used to 
determine the relative amount of phosphorylated protein in cells. The lower 
the O.D., the lower the amount of phosphorylated protein, and therefore the 
pathways are less active and the cells are less able to proliferate. 
Western blots were performed on cell lysates from cells treated with the indicated inhibitors for 72 hours, with the BEZ235 being refreshed 
every 24 hours. The results how that the CI-1040 inhibited p-ERK, while the BEZ235 compound inhibited p-p70s6k to varying degrees 
between the cell lines, as predicted (red). Interestingly, an increase in phosphorylated ERK can be seen when treated with the PI(3)K inhibitor 
(green), which corresponds to the negative  regulation that AKT has on B-Raf, a protein upstream of ERK in the signaling cascade. 
SNB19 Control (no treatment) SNB19 Combo (both treatments) SF-295 Control (no treatment) SF-295 Combo (both treatments)
A flow cytometer (Guava) was used to determine cell apoptosis and G1 growth arrest to see if the inhibitors were killing the GBM tumor cells. 
Although there wasn’t a large amount of apoptosis (sub G1= brown), there was a visible increase in cell death and cells present in the G1 phase 
(pink) when comparing the control cells and cells treated with the combination of drugs. The green area represents S phase and the blue peak 
represents G2/M phase in the cell cycle. 
53.8%
53.7%
65.1%56.1%
The main conclusion that can be drawn from these experiments is that the CI-1040 and BEZ235 
compounds do inhibit their respective pathways, but there is something in the cell that is keeping the 
combination of them from inducing complete apoptosis. Different concentrations may need to be used 
in combination than the single agent studies indicated. 
The data obtained also show significant “cross-talk” between the two pathways, which could 
also be affecting the combination’s ability to work as effectively as expected. Specifically, an increase in 
P-ERK can be seen when the PI(3)K is inhibited, which may be enough for the cells to survive. This 
was apparent by both the Western blots and CASE ELISA studies (data not shown). The main objective 
now will be to find ways to stop the feedback between the two pathways so that complete cell death can 
be achieved. 
72 hour treatment in RPMI media
48 hour treatment in RPMI media
Sebolt-Leopold, J. S. & English, J. M. Mechanisms of drug 
inhibition of signalling molecules. Nature 441, 457-62 (2006). 
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May Yared 
Mentor - Eduardo Robleto 
 
Using CodY, a global transcriptional regulator, to modulate transcription and 
accumulation in genes under selection in B. subtilis.  
 
We examine the notion that cells in conditions of stress accumulate mutation is in 
genes under selection via transcription processes. CodY is a global 
transcriptional regulator in many Gram positives, including soil and pathogenic 
microbes. In conditions of exponential growth and when branch chain amino 
acids and GTP are in abundance CodY acts as a transcriptional repressor of 
many metabolic operons. This transitional repression saves the cell energy and 
allows efficient use of resources. In conditions of starvation, CodY relieves 
repression of genes involved in acquisition of nutrients and degradation of carbon 
sources (genes under selection). Here, we compare the accumulation of 
mutations in genes under selection in wild type and CodY.  
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Background
Abstract:
Here we examine the notion that cells in conditions of stress accumulate mutations in genes 
under selection via transcription processes. CodY is a global transcriptional regulator in many 
Gram positives, including soil and pathogenic microbes. In conditions of exponential growth 
and when branch chain amino acids and GTP are in abundance CodY acts as a transcriptional 
repressor of many metabolic operons. This transcriptional repression saves the cell energy and 
allows efficient use of resources. In conditions of starvation, CodY relieves repression of genes 
involved in acquisition of nutrients and degradation of carbon sources (genes under 
selection). Here, we compare the accumulation of mutations in genes under selection in wild 
type and CodY.
____________________________________________________
Introduction:
•The study of mutagenic processes provides a more complete view of evolution 
and insights into molecular mechanisms implicated in the formation of cancers
•Adaptive or stationary-phase mutagenesis occurs in cells under non-growing 
conditions or when the cells are subjected to non-lethal selective pressure
•This phenomenon has been extensively studied in Escherichia coli
•In E. coli, the generation of adaptive mutations are dependent on recombination 
functions, the SOS and stress responses
•In B. subitlis, it has been proposed that a physiologically stressed bacterial
population differentiates a hypermutable subpopulation and that these 
hypermutable cells generate mutations randomly (Sung and Yasbin, 2002)
•If one or more of the mutations help the cell survive or grow under stress, then the 
organism will appear to have “adapted” to its environment
•Other reports also suggest that adaptive mutations in B. subtilis are mediated by 
transcription processes (Robleto et al, 2007)
•Here we examine the concept of transcription-associated mutagenesis by 
genetically manipulating transcription of a gene under selection and measuring the 
accumulation of mutations in conditions of repression, derepression, and starvation
___________________________________________
Hypothesis:
Inactivating CodY, a global transcriptional regulator, increases 
transcription of the ilv-leu operon, and therefore will result in an increase in 
stationary phase mutagenesis at the leuC allele. 
• YB955 and CodY mutant are grown in PB medium at 37 °C to ninety minutes passed the 
transition to stationary phase.
•The cells were harvested by centrifugation and then resuspended in Spizizen salts.  
•Washed cells are plated on minimal media with and w/out isoleucine ( I-, and I+). 
•The plates were incubated at 37°C and  examined for revertants for nine days.
•Viability of the non-revertant background is assessed during the experiment by taking 
plugs from the minimal media, performing a serial dilution and plating on complete media 
supplemented with all amino acids.
Graphs 3 and 4 show that the viability of the cells plated was not affected by the 
different minimal media.
Graph 1 shows that the presence of isoleucine in the environment has no effect on 
accumulation of Leu+ revertants.  Also, the CodY– strain has a slightly higher 
accumulation of Leu+ revertants than YB955. 
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Center for  Research Resources and GM072554. This project's contents are solely the 
responsibility of the authors and do not necessarily represent the official views of NIH.
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Strains: B. subtilis YB955 and CodY-.  YB955 has a point mutation in the leuC
gene, leuC427. It consists of a missense mutation ( GGAÆAGA at position 427).
CodY- contains the same leuC427 mutation as YB955 and a genetic inactivation 
of CodY, a global transcriptional regulator, that acts as a transcriptional repressor 
of many metabolic operons, including the one containing leuC, in the presence of 
GTP and amino acids. In conditions of abundance of isoleucine and GTP cells 
containing CodY repress transcription of leuC (Shivers and Sonenshein, 2005).
The Effect of CodY on Stationary 
Phase Mutagenesis in Bacillus subtilis
Graph 2 shows adaptive mutagenesis on plates containing extra histidine (the 
CodY- mutation results in increased degradation of amino acids).  YB955 with 
isoleucine showed a slight increase in the accumulation of Leu+ revertants. 
•Inactivating CodY had a slight effect on stationary phase mutagenesis in 
conditions of excess of histidine.
•CodY represses transcription in the presence of amino acids.
•Cells in stationary phase are depleted of CodY corepressors, amino acids 
and GTP.
•Hence, the presence or absence of CodY may not alter transcription in 
stress conditions.
•Studies in mRNA expression will determine whether transcription of the 
leuC gene is altered by CodY in stationary phase.
Results
Conclusions
Acknowledgements
ReferencesMethods
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Tesla Birnbaum 
Mentor - Bing Zhang 
 
An Investigation of the Origin of the Bimodal Distribution of Optical Afterglow 
Luminosities of Gamma-Ray Bursts 
 
The determination of which properties of gamma-ray bursts and the surrounding 
interstellar medium contribute to the observed bimodal distribution of optical 
afterglow luminosities will provide insight into the physical processes that give 
rise to the two families of optical afterglows.  Making this determination will 
require a solid understanding of the standard afterglow model, as well as the use 
of a language such as C to create programs consisting of codes that perform 
calculations involving afterglow parameters and Monte Carlo simulations. 
 
Gamma-ray bursts (GRBs): the brightest sources of electromagnetic radiation 
since the Big Bang; also the most violent explosions in the universe.  Most GRBs 
(Type II) are linked to supernovae; other GRBs (Type I) may be related to 
mergers between compact objects such as neutron stars and black holes.  GRB 
afterglow: occurs when the material from the explosion collides with circumburst 
material (such as the interstellar medium, also known as ISM); can be observed 
in all bands up to X-ray and lasts much longer than the initial explosion.  Light 
curve: plot of flux vs. time in a particular frequency are the most common way to 
study GRB afterglows. 
 
 20
 21
Mitchell Chaires 
Mentor - Brian Hedlund 
 
Microbial Nitrogen Cycling in Great Basin Hot Springs 
 
Hot spring habitats above maximum photosynthetic temperature (73 ºC) are not 
well understood with respect to nitrogen (N) cycling. Few predictions have been 
made, and even fewer measurements of in situ activities have been reported. 
Thermodynamic calculations based on in situ chemical and temperature 
measurements will be used to predict the occurrence of the specific N-cycling 
reactions. In addition, these measurements in two springs will aid in an attempt to 
cultivate ammonia oxidizing species. 
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Lauren Emes 
Mentor - Duane Moser 
 
The Effects of Daily Diabetina Tea Consumption on Glycosylated Hemoglobin, 
Fasting Glucose, Lipid Levels and Body Mass Index in Normoglycemic 
Individuals. 
 
Type 2 diabetes mellitus is a chronic disease responsible for high levels of 
morbidity and mortality in the United States, especially among some ethnic 
minority populations. Diabetina tea, a commercially-available herbal blend tea, is 
a well known herbal remedy for high blood sugar among Hispanic American 
diabetics. This study will examine the effect of twice-daily unsweetened Diabetina 
tea consumption over an 8 week period on glucose (sugar) and lipid (fat) 
metabolism.  Potential effects of Diabetina tea consumption on glucose 
metabolism will be measured by glycosylated hemoglobin (HbA1c) and fasting 
glucose tests, while the potential effects of Diabetina tea consumption on lipid 
metabolism will be measured by fasting blood lipid levels, in addition to body 
mass index (BMI) and waist circumference (WC) measurements. 
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Crystal Erickson 
Mentor - Lloyd Stark 
 
Potential antimicrobial properties of the cyanobacterium Microcoleus vaginatus in 
relationship to the moss Bryum argenteum 
  
Biological soil crusts play important ecological roles in arid desert regions.  These 
crusts cycle nutrients, prevent wind/water erosion, and form the basis of food 
chains and soil formation in desert communities.  Primary components of these 
structures include two desert moss species Bryum argenteum and Syntrichia 
caninervis, and Microcoleus vaginatus, a cyanobacterium.   Our Phase I 
experiment strongly suggests that in an environment of intense light, a condition 
of stress to Syntrichia caninervis, there is an increase in shoot regeneration when 
cyanobacteria are present compared to when they are absent.  Microcoleus is a 
highly motile species and our lab observations of fewer deleterious bacteria, 
algae, and fungi in cultures containing the cyanobacterium led us to hypothesize 
that the cyanobacterium may be deterring the development of 
bacteria/algae/fungi that can slow moss growth.  The current experiment seeks to 
determine whether a benefit of Microcoleus to the mosses lies in its antimicrobial 
activity.  
 
Two microbial candidates (a fungus and a bacterium) were selected from early 
lab cultures and determined to impede the growth of these moss species.   
These microbes were then cultured individually and in combination with the moss 
only, with the cyanobacterium only, and with both moss and cyanobacterium 
together.  Each treatment was allowed to incubate under simulated natural 
conditions of light and moisture for a period of eight weeks.  Final results will be 
determined through biomass weights and area measurements. 
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Kimberley Horsley 
Mentor - Lloyd Stark 
 
Investigation into the prefertilization reproductive efforts of the moss bryum 
argenteum with respect to gender differences. 
 
The bryophyte Bryum argenteum is a vigorous moss with a cosmopolitan 
distribution and high tolerance to desiccation and temperature stress. Due to its 
widespread nature, B. argenteum has been highly investigated (e.g., Chopra and 
Bhatla 1981). However, very little research has been done on the reproductive 
aspects of this moss with respect to gender differences. This project will address 
the prefertilization reproductive efforts of the moss, and look for any differences 
in the rate of growth and sexual expression between the sexes. The hypothesis 
to be tested is that males actually have a higher prefertilization reproductive effort 
than females and seeks to explain male rarity in desert habitats. 
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Robert Kobey 
Mentor - Allen Gibbs 
 
Desiccation Resistance and THOR 
 
Using microarray analysis of Drosophila melanogaster, the Gibbs lab has 
identified several hundred candidate genes that may be involved in desiccation 
resistance.  One of these genes is Thor, an important downstream target of the 
TOR/insulin signaling pathway.  Preliminary results confirm that Thor plays a role 
in desiccation resistance.  Further research will be needed to verify these results 
and understand the mechanism by which Thor increases desiccation resistance.  
This research will also serve as a proof-of-principle for testing microarray-derived 
hypotheses. 
 
A previous microarray analysis found evidence that down-regulation of protein 
synthesis might be a cellular response to desiccation through the up-regulation of 
Thor.  When Drosophila melanogaster adult males are exposed to desiccation, 
Thor expression increases 6.5-fold.  Thor codes for the D. melanogaster 4E-
binding protein (4E-BP), which inhibits translation by binding to the eukaryotic 
initiation factor 4E (eIF-4E).  Thus, a reduction in protein synthesis might function 
to reduce energy expenditures during desiccation.  To test whether THOR plays 
a role in the response to desiccation, we measured desiccation resistance in flies 
with altered Thor expression.  We measured desiccation resistance in flies with 
Thor expression reduced through P-element mutagenesis (Thork13517 and 
Thor2) and RNA interference (RNAi).  Using the GAL4/UAS system (Brand and 
Perrimon, 1993), desiccation resistance was also measured in flies with 
increased expression of wild-type Thor and constitutively-active Thor (4E-
BP(AA)).  We found that Thor hypomorph mutant males (Thork13517) are 
desiccation sensitive.  However, we found no difference in desiccation sensitivity 
between Thor null mutants (Thor2) and control flies (Thor1rv1).  Knocking down 
expression of Thor with RNAi increased desiccation sensitivity.  However, 
desiccation resistance did not increase in male flies that over-expressed Thor or 
a constitutively-active Thor (4E-BP(AA)) using the GAL4/UAS system.  These 
mixed results do not support the hypothesis that Thor expression increases 
desiccation resistance. 
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Huy Mai 
Mentor - Balakrishnan Naduvalath 
 
Computational Studies of Platinum and Platinum-Ruthenium Alloy Catalysts for 
Hydrogen Fuel Cells 
Previous computational studies of hydrogen fuel cell catalysis primarily focus on 
single adsorbate and therefore do not reflect the realistic situation. Here we 
investigated the effect of multiple hydrogen, oxygen, and carbon monoxide 
adsorption on bimetallic nanoclusters as allowed by computational resources. 
The criteria of which we studied were adsorption energies, electron densities, 
electrostatic charges, and HOMO-LUMO energy gaps with respect to each 
structure. We found that Pt-Ru clusters have better performance than pure Pt 
clusters early in the adsorption course, and pure Pt clusters are more consistent 
than Pt-Ru clusters in a sequence of adsorbate introduction. 
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Austin McDonald 
Mentor - Brian Hedlund 
 
Hydrogen has been proposed to fuel primary production in the Aquificae-
dominated hot springs of Yellowstone National Park (Spear, et al. 2005), a 
finding the authors generalized to all hot springs.  However, clone libraries 
derived from Great Basin springs contain few 16S ribosomal RNA (rRNA) gene 
sequences from Aquificae and many from unknown microorganisms.  In the 
same springs, alternative electron donors rival the reducing power of hydrogen. 
This project will try to cultivate the uncharacterized microbes of two Great Basin 
springs and determine which electron donors they can use. 
 
Nitrogen is key to life.  In its reduced form, ammonia, it is a primary constituent of 
nucleic acids and proteins.  In its oxidized form,nitrate, it frequently substitutes for 
oxygen in anoxic conditions as microbes’ preferred electron acceptor for 
respiration.  In this capacity, it drives energy capture–typically, though not 
always, in the process of denitrification [8].  Understanding the supply, demand, 
and interconversion of nitrogen through an ecosystem is essential to 
understanding the life within it.  Although denitrification has been predicted to 
occur within hot springs on thermodynamic grounds, and some thermophilic 
isolates reduce nitrate, denitrification has never been examined in a hot spring.  
The hot springs of the Great Basin are under studied reservoirs of novel 
metabolisms and microbes, and are well worth in-depth exploration.  Our project 
adapts techniques regularly used in marine and soil microbiology [6,7,9] to higher 
temperatures to test our hypothesis: that some thermophiles with in the hot 
springs respirenitrate, in the process of denitrification, for a significant amount of 
energy capture. 
 
 8
 
 35
Whitney Shofner 
Mentor - David Hatchett 
 
The characterization and chemical synthesis of composites containing aniline 
and N-Phenylenediamine (NPPD), synthesized with palladium, will be analyzed 
according to recent studies [1] to confer hydrogen storage capabilities. The 
palladium metal will be introduced as either PdCl42- or PdCl22-. The experiments 
will be carried out under both acidic and non-acidic conditions forming a total of 8 
different compounds. Each compound will be reduced with NaBH4 and analyzed 
using gas chromatography to measure hydrogen storage. Infrared spectroscopy 
and ultraviolet visible spectroscopy will also be used to gather data concerning 
each compound. 
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Kathleen Bradley 
Mentor - Eduardo Robleto 
 
The goal of our research is to determine whether the level of transcription of a 
gene is correlated with the level of mutation in that gene. One factor involved in 
the mutability of a transcribed gene is the ability of the single stranded DNA to 
form secondary stem loop structures (SLS), in the wake of the transcription 
bubble, that contain unpaired mutable bases. We are interested in correlating the 
levels of mutation with transcription in the thiF gene, which is predicted by 
bioinformatic analysis to be highly mutable. To achieve this goal, Kathleen will 
first construct a non-polar thiF genetic knockout using a chloramphenicol 
cassette. Then, she will test the phenotype of the ThiF- strain. She will also build 
an IPTG-inducible construct containing thiF with a stop codon in the loop of a 
putative SLS. This will be introduced into ThiF- Bacillus subtilis and assayed for 
the accumulation of Thy+ mutations under starvation conditions, in the presence 
and absence of IPTG. 
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Allison Faucher 
Mentor - Ronald Yasbin 
 
The goal of our research is to determine whether the level of transcription of a 
gene is correlated with the level of mutation in that gene. One factor involved in 
the mutability of a transcribed gene is the ability of the single stranded DNA to 
form secondary stem loop structures (SLS), in the wake of the transcription 
bubble, that contain unpaired mutable bases. We are interested in correlating the 
levels of mutation with transcription in the argF gene, which is predicted by 
bioinformatic analysis to be highly mutable. To achieve this goal, Allison will first 
construct a non-polar argF genetic knockout using a kanamycin cassette. Then, 
she will test the phenotype of the ArgF- strain. If a biochemical suppressor is 
present, she will disrupt the next possible genetic candidate. She will also build 
an IPTG-inducible construct containing argF with a stop codon in the loop of a 
putative SLS. This will be introduced into ArgF- Bacillus subtilis and assayed for 
the accumulation of mutations under starvation conditions, in the presence and 
absence of IPTG. 
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MacLean Hall 
Mentor - Ernesto Abel-Santos 
 
Bacillus anthracis and Bacillus cereus are both described as soil bacteria, but 
are almost exclusively found as spores within the soil.  Soil is generally not a 
nutrient-rich environment and may lack the amino acids and nucleosides 
necessary for spore germination and vegetative reproduction.  We aim to 
determine if soil alone can cause germination in these two species in order to 
produce vegetative cells that can reproduce.  In addition, nematodes, decaying 
meat, maggots, and plant roots will be tested for their ability to cause 
germination in these species. 
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Paul Howse 
Mentor - Dennis Bazylinski 
 
Magnetotactic bacteria is the categorical name for a group of prokaryotes that 
biomineralize magnetosomes which are intracellular, membrane-bounded 
magnetic iron mineral crystals.  The focus of this study is on two magnetite-
producing, magnetotactic sulfate-reducing bacteria (SRB), Desulfovibrio 
magneticus strain RS-1 and strain FH-1 which also belongs in the genus 
Desulfovibrio in the δ-Proteobacteria.  SRB utilize sulfate as a terminal electron 
acceptor under anaerobic conditions reducing sulfate to sulfide.  A large number 
of organic compounds as well as some inorganic compounds have been shown 
to provide electrons for sulfate reduction.  Traditionally, because no SRB have 
been shown to convincingly grow with O2 as a terminal electron acceptor, they 
have been classified as obligate anaerobes.  
In characterizing several magnetotactic SRB, we found that cells of D. 
magneticus and strain FH-1 utilized O2 as an electron acceptor for growth.  To 
prove this we grew cells of both strains in several different semi-solid growth 
media under air or N2 gas. Cells of both strains grew as a microaerophilic band 
of cells at the oxic-anoxic interface (OAI) in media under air lacking sulfate 
(medium contained cysteine or cysteine with either Casamino Acids or Yeast 
Extract as a sulfur source).  Sulfide (as FeS: high [Fe] was used as a trap for 
sulfide) was not produced in these tubes.  Cells did not grow under anaerobic 
conditions (under N2) in this medium unless sulfate was present.  When sulfate 
was present in the growth medium, under air, initial growth of the strains was 
also as a microaerophilic band of cells at the OAI.  However as time went on, the 
band of D. magneticus split into two. The band of FH-1 cells did not split into two 
bands and moved up the tube almost to the meniscus. The medium also turned 
dark indicating sulfide production. The results show that these magnetotactic 
SRB strains are capable of aerobic growth with O2 as a terminal electron 
acceptor. 
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Alex Michaud 
Mentor - Duane Moser 
 
This research is focused on developing a better understanding of he 
physiological and phylogenetic diversity as well as environmental abundance of 
bacteria of the genus: Shewanella in selected desert ecosystems. Prior research 
from this laboratory has revealed that these bacteria are very abundant in sulfur-
and organic-rich aquatics habitats. We have selected a number of habitats for 
detailed investigation (cultivation, molecular ecology and relevant environmental 
chemistry) including the Tropicana Wash, spring in Death Valley, the lower Virgin 
River and possibly Big Soda Lame, Nevada.  
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Susan O’Neil 
Mentor - Kumud Acharaya 
 
This project focuses on an assessment of coliform bacteria from point and non 
point sources in Las Vegas Wash. Correlations between land use related runoffs, 
nutrients and organic matter loading and total coliform will be studied. Data will 
be collected for both daily low and high flow events. Sampling locations will cover 
all major land use types such as golf course, hotels, hospitals, residential areas, 
etc., at both the main Wash and its tributaries.   
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Rachel Skinner 
Mentor - Brian Hedlund 
 
Photosynthesis does not occur above 73°C, so organisms living above this 
temperature must obtain useable carbon by some other mechanism. It is 
generally assumed that carbon is fixed by thermophiles through the process of 
chemolithoautotrophy; however, primary production has never been 
demonstrated to occur in hot springs >73°C. We have shown that two organisms, 
Thermocrinis and Pyrobaculum, make up more than 90% of the cells in an 80°C 
Great Basin hot spring, Great Boiling Spring. We hypothesize that these 
organisms fix carbon in the hot spring via the reverse tricarboxylic acid (rTCA) 
cycle. To test this hypothesis we will: i) confirm that Thermocrinis and 
Pyrobaculum dominate in water from the spring; ii) determine whether key genes 
for the rTCA cycle, citryl co-A lyase (ccl), 2-oxoglutarate:ferredoxin 
oxidoreductase (korA), pyruvate:ferredoxin oxidoreductase (porA), are present 
and expressed in the spring; and iii) measure rates of carbon fixation in the 
spring. Linkage of the genetic data with carbon fixation rate data may help to 
provide an image of carbon fixation and cycling in Great Basin hot springs. 
 
 8
 51
Amanda Yates 
Mentor - Helen Wing 
 
Determine whether Ompt expressed from new construct cleaves ICSA when 
expressed in shigella MBG34 (7csP-). I will be testing whether Ompt can protect 
shigella (and salmonella) from LL-37. 
 
Omptins are outer membrane proteases found in gram negative bacteria that 
cause diseases in humans, such as pathogenic Escherichia coli, Shigella 
flexneri, Salmonella typhimurium, and Yersinia pestis. Bacterial species that 
express omptins cause diseases such as highly fatal plague and severe diarrhea 
and dysentery. The genes that encode these proteases are ompT, icsP, pgtE, 
and pla, respectively.  These proteases are highly related in structure and share 
approximately 50% sequence identity.  In S. flexneri, IcsP has been shown to 
cleave a key virulence determinant, IcsA (Egile et al., 1997). IcsA recruits host 
actin and allows for intracellular movement within host cells (Steinhauer et al., 
1999).  In S. typhimurium, PgtE has been shown to cleave a human a-helical 
cationic antimicrobial  peptide (CAMP), LL-37 (Guina et al., 2000).  LL-37 is 
a major component of the innate immune  defense system (Zasloff, 1992).  
It functions by permeabilizing the bacterial membrane, which ultimately results in 
bacterial cell lysis.  PgtE cleaves LL-37, thereby protecting Salmonella against 
the bactericidal effects of CAMPs.  In E. coli, OmpT has been shown to cleave 
protamine, an antimicrobial peptide that acts on the bacterial membrane and 
causes problems in cellular energy transduction and nutrient accumulation 
(Aspedon and Groisman, 1996) (Figure 2).  Like PgtE, OmpT circumvents the 
immune defense by cleaving protamine into smaller fragments. 
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Brandt Abeln 
Mentor - Andrew Cornelius 
 
The compound YbB2 has been reported to order anti-ferromagnetically at 
temperatures around 5.6 K. This transition was verified from heat capacity data 
taken in different magnetic fields by our Quantum Design PPMS system. X-ray 
diffraction measurements have been performed using this sample under different 
pressures at the APS facility in Argonne National Laboratory.  A sudden change 
in resistivity measurements of the sample indicated a possible structural phase 
transition around 3 GPa.  The data indicates the YbB2 compound is not 
responsible for the anomaly.   
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Samantha Combs 
Mentor - Malcolm Nicol 
 
Density of States of Iron Solid Solutions at Ambient and High Pressures using 
Nuclear Resonant Inelastic X-ray Scattering 
 
Nuclear resonant inelastic x-ray scattering (NRIXS) of synchrotron radiation uses 
the energy transferred during the inelastic nuclear absorption of photons to 
determine phonon density of states for solid Mössbauer isotopes. This type of 
experiment can be conducted at ambient and high pressures with the use of a 
diamond anvil cell (DAC) and a rhenium gasket. Here, we are concerned with the 
phonon DOS of α-FePt 10% at pressures up to 30 GPa, as well as FeAl 4.3%, 
6.4%, and 27.1% at ambient pressures. The iron samples used are doped in 
order to increase the pressure at which the alpha to epsilon phase transition for 
iron occurs. As the most abundant element within Earth’s core, the study of iron 
is fundamental in geophysics and in terms of thermodynamic modeling.  
 
57Fe is the most common Mössbauer isotope, and its lattice dynamics have 
been greatly studied. The phase transition of magnetic α-Fe, body-centered cubic 
structure, to nonmagnetic ε-Fe, hexagonal close-packed structure, (see figure 1) 
occurs around 13 GPa [1]. We recently conducted experiments at the APS on 
beamline 16-IDD to determine how doping Fe samples with Pt and Al affects the 
Fe α-ε transition. As iron is the most abundant element within Earth’s core, 
understanding how doping changes its transition is especially important in 
geophysics and in terms of thermodynamic modeling. 
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Mike Brawner and Greg Hoth 
Mentor - Pamela Burnley 
 
We are studying how the mineral fayalite deforms under stress while it is subject 
to high pressures and temperatures. Specifically, we are analyzing x-ray 
diffraction spectra obtained from experiments with the D-DIA apparatus at 
Brookhaven national labs. By fitting peaks to the diffraction spectra, we can 
calculate the spacing between lattice planes of fayalite and so we can observe 
how this spacing changes over time as the crystal structure deforms We hope to 
show that this deformation can be modeled using an Elastic Plastic Self 
Consistent model. In such a model, the material is treated as a cluster of 
independently oriented grains. When stress is applied to the material, 
deformation takes place because the lattice planes can slip by each other. A 
variety of slip systems are used to model the different ways these planes can 
move. The model allows us to calculate the aggregate properties of the material 
from the microscopic properties of the individual grains. 
 
The goal of our project was to fit an Elastic Plastic Self Consistent (EPSC) model 
to experimental data on the deformation of the mineral fayalite (Fe2SiO4) which 
is the iron end member of olivine. In the past, Professor Burnley has successfully 
fit an EPSC model to experimental data on the deformation of quartz. If an EPSC 
model could be fit to data on fayalite, it would further support the use of these 
models to study the plastic deformation of minerals. Modeling the deformation of 
fayalite is of particular interest because olivine is an important component of the 
Earth’s mantle and studying how it deforms at high temperatures and pressures 
can help us understand how the mantle moves over time.  
 
The first step in our project was to analyze the experimental data set. We also 
explored some of the parameter space of the EPSC model before trying to fit the 
model to the data. Unfortunately, our attempts to fit the model to the experimental 
data have been unsuccessful, and this suggests that there may be another 
deformation mechanism involved in the deformation of fayalite.  
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Martin Galley 
Mentor - Michael Pravica 
 
We performed Raman spectroscopic studies of 1,3,5,7-cyclooctatetraene at 
elevated pressures up to 10 GPa with the aim of examining possible 
planarization of the molecule and further studying two prior-discovered phases of 
the solid with pressure.  The Raman excitation source was a Krypton-ion laser 
operating at 674.1 nm (give wavelength).  
 
1,3,5,7 Cyclooctatetraene has an octagonal formation however it is not aromatic 
or anti-aromatic (not a subject to the 4n+2 Huckel’s rule) [1].  As a result, its 
adopts a somewhat reactive tub shape.  Upon the addition or removal of one to 
two electrons under ambient conditions, the molecule planarizes and becomes 
aromatic [3-5].  Our goal was to determine if we can aromatize the COT molecule 
mechanically or via electron transfer at elevated pressure.   
 
 8  
 61
Weldu Gebremichael 
Mentor - Andrew Cornelius 
 
Study of Thermoelectric Materials at High Pressure  
  
It is of extreme importance to develop new potential energy sources to reduce 
dependence on fossil fuels. As a result of this, the study of thermoelectric 
materials, capable of changing heat into electrical energy, has become a field of 
great interest regarding fundamental properties. To help better understand these 
materials, facilities for the measurement of relevant properties at high pressure 
have been developed, but lack the ability to characterize the materials at high 
temperature and pressure. Therefore, this project has the goal of developing a 
heater arrangement to be used in conjunction with the high pressure capabilities 
already developed to fully characterize these materials. 
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Louis Prahl 
Mentor - David Shelton 
 
Determination of Ferroelectric Properties in Carbohydrate Glasses Using Atomic 
Force Microscopy 
 
D-glucose was studied as a possible candidate for ferroelectric domain imaging 
using an Atomic Force Microscope (AFM).  The large dipole moment of 
carbohydrates is such that they may show localized ferroelectric domain 
formation in liquid phase.  Samples were heated at their melting point on glass 
slides and then left to cool to room temperature in a desiccator.  Differential 
Thermal Analysis (DTA) was used to test the effectiveness of this method, and it 
was found that the oven preparation created samples with 41% crystallinity, 
where both a glass transition and sharp melting peak were observed.  DTA was 
again used to find a way to create a better amorphous sample.  An assessment 
of the effect of cooling rate on glass formation was conducted using a Differential 
Scanning Calorimeter (DSC).  Surface images of a ferroelectric ceramic and  the 
surface of an amorphous glucose sample were taken using AFM Constant Force 
Topography  
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Allison Savage 
Mentor - Oliver Tschauner 
 
Spatially resolved optical absorption spectrometry and single crystal diffraction 
on metamict materials. 
 
A major goal in developing storage medium for radioactive waste is the 
identification of chemically suitable and durable material for storage in 
repositories (Lumpkin 2006). Radiation damage induces enhanced chemical 
diffusion and structural breakdown of the host materials, which can lead to 
contamination of the surrounding environment. During this project four different 
naturally occurring materials which are common carriers of thorium and uranium 
were examined : gadolinite, perrierite, allanite, and pyrochlore of which the first 
three are silicates and pyrochlore being an oxide. Their spectra and absorptions 
bands were examined to identify prominent features due to radiation damage. 
The goal of this study is to identify and characterize polyamorphisms metamict 
glasses. Further, we examine the hypothesis that pyrochlores do not amorphise 
but undergo a structural transition upon metamictization this part of the project 
will be conducted at the APS. 
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Markus Vasquez and Lucas Wilson 
Mentor - John Farley 
 
The Study of Spinels by Laser Micro-Raman Spectroscopy 
 
Standards of spinels, composed of two metals and oxygen with the formula 
AB2O4, are being created with known composition to identify spinels in samples of 
unknown composition by comparison with the spectra obtained from the 
standards. Laser micro-Raman spectroscopy allows the identification of chemical 
species based on their unique vibrational modes. The degree to which spinels of 
varying composition can be identified will be determined. This will aid in the study 
of the corrosion of steel by liquid metal. Spinels are a likely component of the 
oxide layer. Understanding the composition of the products of corrosion leads to 
an understanding of the processes involved in corrosion. This work is vital to the 
transmutation of nuclear waste. 
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Vienna R. Saccomanno 
Mentor - Henry J. Sun 
In 1976, the Viking mission made a remarkable discovery: Martian soil was 
capable of decomposing an organic nutrient broth to carbon dioxide as if it 
contained live microorganisms. However, a biological interpretation of this finding 
is in apparent contradiction with the gas chromatograph-mass spectrometer 
aboard the Viking landers, which showed Martian soil to be devoid of indigenous 
organics. To reconcile these findings, it has been hypothesized that unknown 
abiotic oxidants, such as peroxide and superoxide, are present on Mars and that 
they were responsible for its soil reactivity. The objective of this research is to 
develop a life detection method that can distinguish biological reactivity from 
abiotic mimicry. 
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Gordon Tam 
Mentor - Andrew Cornelius and Daniel Antonio 
Pyrochlores with magnetic rare earth ions are a topic of interest due to unusual 
results brought about by their high degree of geometrical frustration. The lattice 
structure prevents the magnetic spin interactions from finding a single minimum 
energy state, which leads to a nonzero residual entropy[1]. By analyzing the heat 
capacity at low temperatures, the type of magnetic interaction can be determined 
and the temperatures at which long-range magnetic ordering and magnetic field 
induced splitting of energy states occur. 
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